
REMARKS 

In view of the above amendments and the following remarks, reconsideration and further 
examination are requested. 

The specification and abstract have been reviewed and revised to make a number of 
editorial revisions. No new matter has been added. Enclosed is a marked-up copy of sections of 
the original specification and abstract labeled ^^ Version with Markings to Show Changes 
Made" indicating the changes. 

Proposed drawing amendments addressing the objections made by the Draflsperson are 
submitted herewith under a separate cover letter. These drawing amendments are editorial in 
nature and do not add new matter to the application. In addition, new formal drawings 
incorporating the proposed drawing amendments are also enclosed herewith under a 
separate cover letter. 

In addition, claims 1-14 have been amended to make a number of editorial revisions. 
These revisions have been made to place the claims in better U.S. form. None of these 
amendments have been made to narrow the scope of protection of the claims, nor to address 
issues related to patentability and therefore, these amendments should not be construed as limiting 
the scope of equivalents of the claimed features offered by the Doctrine of Equivalents. 

Claims 1 and 8 have been rejected under 35 U.S.C. §102(b) as being anticipated by Bodell 
(US 4,768,186). Claims 1 and 8 have also been rejected under 35 U.S.C. §103(a) as being 
unpatentable over Fujito (US 4,722,081) in view of Bodell. Claims 2, 4, 5, 9, 1 1 and 12 have 
been rejected under 35 U.S.C. §103(a) as being unpatentable over Bodell in view of LaGasse (US 
5,373,383). Claims 3, 6, 7, 10, 13 and 14 have been indicated as containing allowable subject 
matter. The Applicants would like to thank the Examiner for this indication of allowable subject 
matter. 

The above-recited rejections are respectfully traversed for at least the following reasons. 

Claim 1 is patentable over Bodell and the combination of Fujito and Bodell, since claim 1 
recites a transmission system having a transmitting end with an optical transmitter operable to 
convert a FM modulated signal into an optical-intensity-modulated signal whose optical carrier 
component is suppressed in an optical frequency spectrum through optical modulation using the 
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FM modulated signal as an original signal to send the optical-intensity-modulated signal to a 
■ * 

receiving end. Neither Bodell, nor the combination of Fujito and Bodell, disclose or suggest an 
optical transmitter as recited in claim 1 . 

Bodell discloses a communication system having a multiplexor 6 that multiplexes a number 
of signals and passes a resultant multiplexed signal to a frequency modulator 7. The frequency 
modulator 7 outputs a signal based on the multiplexed signal that is employed to intensity 
modulate an output of an optical transmitter 8. The optical transmitter 8 comprises a terminal 38 
at which the signal of the frequency modulator 7 is received. The signal passes through a pair of 
directional couplers 39 and 40 before reaching a laser 41 . The laser 41 outputs a light signal that 
is intensity modulated based on the signal. ( See Figures 1 and 3, column 3, lines 42-54, and 
column 4, lines 45-64). 

Based on the above description of Bodell, it is apparent that Bodell fails to disclose or 
suggest an optical transmitter as recited in claim 1, since there is no indication that the optical 
transmitter 8 is operable to convert a FM modulated signal into an optical-intensitv-modulated 
signal whose optical carrier component is suppressed in an optical frequency spectrum . Instead, it 
appears that the optical transmitter 8 converts the signal from the frequency modulator 7 with a 
direct modulation scheme. This conclusion is supported by the fact that the signal received at the 
terminal 38 only passes through the pair of directional couplers 39 and 40 before reaching the 
laser 41. As a result, Bodell fails to disclose or suggest the invention as recited in claim 1. 

In the combination of Fujito and Bodell, the Examiner relies on Fujito as disclosing the 
optical transmitter recited in claim 1. Fujito discloses an analog optical transmission system 
having a plurality of frequency modulators 1-1 through 1-N which modulate a plurality of signals, 
respectively. The plurality of modulated signals are combined by a combiner 2 which multiplexes 
the plurality of signals into a single signal which is then fed through an amplifier 3 and an adder 4 
for power control. The single signal is then fed directly into a laser diode module 5 for 
transmission. The laser diode module 5 comprises a laser diode 50 connected via a coupler 54 to 
an optical fiber 10 as the transmission medium. (See Figures 1 and 2, and column 2, line 54 - 
column 3, line 37). 
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Based on the above description of Fujito, it is apparent that Fujito fails to disclose or 
suggest an optical transmitter as recited in claim 1, since there is no indication that the laser diode 
module 5 is operable to convert a FM modulated signal into an optical-intensitv-modulated signal 
whose optical carrier component is suppressed in an optical frequency spectrum . Instead, it 
appears that the laser diode 50 converts the signal from the adder 4 with a direct modulation 
scheme. This conclusion is supported by the fact that the signal received by the laser diode 50 is 
received directly from the adder 4. Therefore, Fujito fails to disclose or suggest the optical 
transmitter recited in claim 1 . 

Further, as discussed above, Bodell also fails to disclose or suggest the optical transmitter 
recited in claim 1. As a result, the combination of Fujito and Bodell fails to disclose or suggest 
the invention as recited in claim 1 . 

In addition, the combination of Bodell and Fujito is improper, since it would not have been 
obvious to one of ordinary skill in the art to replace the plurality of modulators of Fujito with the 
single modulator of Bodell as suggested by the Examiner. The plurality of modulators 1-1 
through 1-N of Fujito each modulates a television signal to a carrier wave having a different 
frequency. The resultant plurality of modulated signals with different carrier frequencies are then 
multiplexed together into one signal. On the other hand, the single modulator 7 of Bodell appears 
to modulate a single multiplexed signal with a single carrier wave. Therefore, replacing the 
plurality of modulators 1-1 through 1-N with the single modulator 7 would render the 
transmission system of Fujito inoperable, since the single modulator 7 appears to only modulate a 
signal with a carrier signal of a single frequency and would not be able to modulate the plurality of 
television signals to a plurality of carrier signals all with different frequencies. The Federal Circuit 
has stated that if, in order to meet the limitations of a claim, a device in a prior art patent would 
have to be modified in a manner as to render it inoperable for its intended purpose, then in effect, 
that patent teaches away from the proposed modification. In re Gordon , 221 USPQ 1 125, 1 127 
(Fed, Cir. 1984), 

Also, the Examiner relies on LaGasse as disclosing a light source that outputs an 
unmodulated light and a Mach-Zehnder modulator. However, even if the Examiner reliance on 
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this reference is correct, LaGasse fails to disclose or suggest the optical transmitter recited in 



claim 1, 



As for claim 8, it is allowable over the references relied upon by the Examiner for the same 
reasons as set forth above in support of claim 1. That is, claim 8, like above claim 1, recites an 
optical transmitter operable to convert a FM modulated signal into an optical-intensity-modulated 
signal whose optical carrier component is suppressed in an optical frequency spectrum through 
optical modulation using the FM modulated signal as an original signal to send the optical- 
intensity-modulated signal to a receiving end, which feature is not disclosed or suggested in the 
references. 

Because of the above mentioned distinctions, it is believed clear that claims 1-14 are 
allowable over the references relied upon by the Examiner. Furthermore, it is submitted that the 
distinctions are such that a person having ordinary skill in the art at the time of invention would 
not have been motivated to make any combination of the references of record in such a manner as 
to result in, or otherwise render obvious, the present invention as recited in claims 1-14. 
Therefore, it is submitted that claims 1-14 are clearly allowable over the prior art of record. 

In view of the above amendments and remarks, it is submitted that the present application 
is now in condition for allowance. The Examiner is invited to contact the undersigned by 
telephone if it is felt that there are issues remaining which must be resolved before allowance of 
the application. 



DMO/jmj 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
June 18, 2002 



Respectfully submitted. 



Masaru FUSE et al. 




David M. OvedoT^itz 
Registration No|f 45,336 
Attorney for Applicants 
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■ ^feisionwithMai1cinesW ^> 
Show Changes Made 

and aemo'd*late= the F«n,odulated signal to reproduce the original 
frequency-division-multiplexed signal. The optical 

transmission system utilizes an FM gain in the F« transmission 
to improve the slgnal-to-noise power ratio (SNR) of the 
demodulated signal (i.e., the frequency-division-multiplexed 

signal), thereby enabling high-quality signal transmission. 

Thus, the above-described optical transmission system can 

realize high-quality multi-channel signal transmission with an 

optical fiber. 

However, the above-described system for optically 
transmitting an FM modulated signal has the following specific 
problems due to the properties of the FM modulated signal and the 
nonlinearity of an optical fiber. 

An FM modulation scheme increases a frequency deviation to 
acquire a greater FM gain, thereby enabling signal transmission 
of higher quality than other modulation schemes such as amplitude 
modulation. On the other hand, the increased frequency deviation 
requires a wider signal band. In addition, in the FM modulation 
scheme, linear distortion tends to occur under the influence of 
the group delay characteristic of a transmission line and the like 
,the Characteristic that a propagation delay varies depending on 
a frequency) . Therefore , the transmission line must be designed 
with particular attention. However, as a signal band becomes 
wider, the group delay variations in the band become^ more 
difficult to sufficiently suppress^jj. 



" l„ t general optical modulation scheme, the optical 
fre.,uency. sp.ctrum of an optical signal is composed of a 
steep-Shaped optical carrier component . which has narrow spectral 
line-width, and upper and lower sidebands, as shown in FIG. 12B. 
The upper and lower sidebands are geometrically similar to the 
frequency spectrum of a modulating signal. Therefore, if a 
Wide-band signal li.e an EM modulated signal is used as a 
modulating signal in optical modulation, the optical freguency 
spectrum of the optical signal also becomes wider. The optical 
Signal having such wide optical freguency spectrum becomes 
susceptible to the chromatic-dispersion of an optical fiber ,the 
Characteristic that a propagation delay varies depending on a 
wavelength, . The affected optical signal component interacts 
with the optical carrier component to induce harmonic distortion 
in the FM modulated signal, resulting in waveform deterioration 

of the transmitted signal. 

-HV,o 3>^ove the conventional optical 
As is known from the above, "cne 

transmission system has the specific problem that the guality of 
the transmitted signal is degraded due to the wide-band property 
) of an FM modulated signal. 

i) SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to provide 
an optical transmission system capable of narrowing the bandwidth 
5 of an F« modulated signal while increasing the freguency deviation 



thereof realize hi gh-qual ity^ signaljtransmission^ 

C^JiT^sent invention has the following features to attain 

the object above. 

A first aspect of the present invention is directed to a 
transmission system for optically transmitting a frequency- 
division-multiplexed signal, which is obtained by frequency- 
division multiplexing a plurality of signals , from a transmitting 

end to a receiving end^,^oofl^^isi«^2l ^ 

<f'it''thetransmitting end,*^ 

rri;;^II^I^i;;;;r7^r^requency-d^^ multiplexing 
the plurality of signals to produce the frequency-division- 

multiplexed signal^j-^ 

ran FM lii^ulator for converting the frequency- 
division-multiplexed signal into a frequency-modulated signal 
through frequency modulation using the frequency-division- 
multiplexed signal as an original signal to output the 
frequency-modulated signal as a n FM modulated signal/ and^ 

C an 6ptlcal — -Crm^i^ter for convertin^^e FM 
modulated signal into an optical-intensity-modulated signal 
whose optical carrier component is suppressed in the optical 
frequency spectrum through optical modulation using the FM 
modulated signal as an original signal to send 

intensi ty-modulated signal to the receiving end/^ar^d j^V^^^ 
at the receiving end,"*-^ 

C^r^tical recover for receiving the optical- 
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inte'nsitjimodulated signal from the optical transmitter, and 
converting the optical-intensity-modulated signal into an 
electrical signal corresponding to the FM modulated signal 
through photodetection based on a sguare-law detection 
Characteristic to output the electrical signal as a received FM 

modulated signal^ and-r>^ 

C an FM dei ^^^ulator for demodulating the received FM 
modulated signal to reproduce the frequency-division- 

multiplexed signal. 

AS described above, in the first aspect, the FM modulated 
signal is obtained through frequency modulation using a 
frequency-division-multiplexed signal as an original signal. 
The FM modulated signal is converted into an optical- 
intensity-modulated signal at the transmitting end. The 
optical-intensity-modulated signal has an optical frequency 
spectrum in which upper and lower sidebands distribute 
geometrically similarly to the frequency spectrum of the original 
signal for the optical modulation and in which an optical carrier 
component is suppressed. Then, the optical-intensity-modulated 
signal is photodetected based on a square-law detection 
Characteristic at the receiving end. At the receiving end, the 
optical transmission system thus obtains an FM modulated signal, 
having a frequency deviation twice as large as the one of the 
original FM modulated signal produced at the transmitting end, 
. as a received FM modulated signal. In this manner, the optical 



trartsmiHion system can narrow (reduce in half) the bandwidth of 
the FM modulated signal at the transmitting end while securing 
the frequency deviation thereof large enough to acquire a 
sufficient FMgain in FM demodulation . As a result, it is possible 
to prevent the waveform of the transmitted signal from being 
deteriorated due to the group delay characteristic of the 
electrical transmission line and the chromatic-dispersion of the 

-. • -Hr> Y-o^ii^e sianal transmission of 

optical transmission line, and to realize signdx 

good quality. 

According to a second aspect, in the first aspect, the 
optical transmitter includes/J^ 

Ca light source for outg oing an unmodulated light/, and ^ 
rir^;^^T^modulator f oTilJ^lating the unmo^lated li-^t 
with the FM modulated signal to produce the optical- 
intensity-modulated signal/ The optical modulator ^h^a^rl^ the 
Mach-Zehnder interferometer structure with a predetermined 
input-voltage vs. output-optical-power characteristic, and 
4^ biased in the input-voltage vs. output-optical-power 
"characteristic such that the output optical power is at the 
minimum. 

AS Stated above , in the second aspect , the optical modulator 
used herein is an external optical modulator having the Mach- 
Zehnder interferometer structure. A modulating signal (an FM 
modulated signal) is applied to the optical modulator with 
i respect to the "valley" where the output optical power is at the 



„lnimu™ -^in the input-voltage vs. output-optical-power 
Characteristic (which is periodic liKa a sine wave) of the optical 
modulator. The optical modulator thus produces an optical- 
intensity-modulated signal whose optical carrier component is 
suppressed. The suppression of the optical carrier component 
prevents the waveform from being deteriorated by the 
chromatic-dispersion of the optical transmission line. In 
■ addition, the optical-intensity-modulated signal has an optical 
frequency spectrum in which upper and lower sidebands distribute 
geometrically similarly to the frequency spectrum of the original 
signal for the optical modulation. Therefore, after the 
optical-intensity-modulatad signal is square-law detected at the 
receiving end, the frequency deviation of the FM modulated signal 
is doubled, thereby making it possible to realize high-quality 

5 signal transmission. 

According to a third aspect, in the second aspect, the 

transmission system further compriseyp 

C a frequency-divider prS^^ISSI^^en the FM modulator and 
the optical transmitter for converting the FM modulated signal 
20 outputted from the FM modulator into a frequency-divided FM 
modulated signal whose frequency is 1/2" the frequency of the FM 
modulated signal, the n being an integer of not l ess than^ l^ 

- wherein the optical modulator modulaLe^ -thT^^^i^iSS^ted 
light with the frequency-divided FM modulated signal to produce 
25 the optical-intensity-modulated signal. 



'" A^> described above, in the third aspect, the optical 
transmission system previously produces in the FM modulator i-n- / 
FM modulated signal having a frequency deviation larger enough 
to acquire a desired FM gain. The optical transmission system 
5 then converts the FM modulated signal into a frequency-divided 
FM modulated signal, and next converts the frequency-divided FM 
modulated signal into an optical-intensity-modulated signal for 
transmission. This reduces the phase noise in the FM modulated 
signal to be optically transmitted and FM demodulated. As a 
10 result, high-quality signal transmission can be realized. 

According to a fourth aspect, in the first aspect, the 
optical transmitt er includes/ -^-^ 

< ^ light source for outputting an unmodulated light^^^ ^ 

optical branching circuit for branching the unmodulated ^ 
15 light fed from the light source into first and second unmodulated 
lights^^.*--^ 

r^T^tical modulator for modulating the first unmodulated 
light with the FM modulated signal to produce the optical- 
intensity-modulated signal, the optical modulator having the 
20 Mach-Zehnder interferometer structure with a predetermined 
input-voltage vs. output-optical-power characteristic, and 
being biased in the input-voltage vs. output-optical-power 
characteristic such that the output optical power is at the 
maximum^j and'^-^ ]/ 



25 Ci^rSptical combining circuit for combining the optical- 



y 
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intensity-modulated signal produced by the optical modulator and 
the second unmodulated light to cancel the optical carrier 
component of the optical-intensity-modulated signal with the 
second unmodulated light and output the optical-intensity- 
modulated signal whose optical carrier component is suppressed. 

AS stated above, in the fourth aspect, the optical modulator 
used herein is an external optical modulator having the Mach- 
Zehnder interferometer structure. A modulating signal (an FM 
modulated signal) is applied to the optical modulator with respect 
to the «peak" where the output optical power is at the maximum 
in the input-voltage vs. output-optical-power characteristic 
(being periodic like a sine wave) of the optical modulator. The 
optical modulator modulates the first unmodulated light with the 
applied modulated signal to produce an optical-intensity- 
modulated signal. The optical carrier component of the 
optical-intensity-modulated signal is then canceled by a second 
unmodulated light in the optical combining circuit. The optical 
carrier component of the optical-intensity-modulated signal is 
thus suppressed, and the optical frequency spectrum thereof has 
upper and lower sidebands distributing geometrically similarly 
to the frequency spectrum of the original signal for the optical 
modulation. Accordingly, it is possible to prevent the waveform 
of the transmitted signal from being deteriorated due to the 
chromatic-dispersion of an optical transmission line, and to 
increase the frequency deviation of the FM modulated signal by 
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sc^Ae-ia*, detecting the above-mentioned optical-intensity- 
modulated signal at the receiving end. which leads to high-quality 

signal transmission. 

According to a fifth aspect, in the fourth aspect, the 
optical transmitter further includes an optical delay circuit, 
provided between the optical branching circuit and the optical 
combining circuit, for adjusting a propagation delay of at least 
one of the first unmodulated light, the second unmodulated light, 
and the optical-intensity-modulated signal produced by the 
optical modulator such that the second unmodulated light and the 
optical carrier component of the optical-intensity-modulated 
signal produced by the optical modulator are set in opposite 

phases to each other. 

AS described above, in the fifth aspect, the optical- 
intensity-modulated signal produced by the optical modulator is 
combined with the second unmodulated light set in an opposite 
phase to the optical carrier component of the optical- 
intensity-modulated signal. The optical carrier component of 
the optical-intensity-modulated signal is thus canceled by the 

^ 1 .-..H 1 iaht ^RJlult'^l-y-, it is possible to produce 
second unmodulated light . ^ Kestrjrczrrrt-x-y , 

an optical-intensity-modulated signal whose optical carrier 

component is suppressed. 

According to a sixth aspect, in the fourth aspect, the 

transmission system fur ther comprises^ 

IT^uency-divic^provided between the FM modulator and 



the"opti5al transmitter for converting the FM modulated signal 
outputted from the FM modulator into a f reguency-divided FM 
modulated signal whose frequency is 1/2" the frequency of the FM 
modulated signal^_thej;_^^ 
5 <';;;;;;;l7';i^rTptical modulator modulates the first 

unmodulated light with the frequency-divided FM modulated signal 
to produce the optical-intensity-modulated signal. 

AS stated above . in the sixth aspect, as in the third aspect, 
the optical transmission system previously produces in the FM 
10 modulator an FM modulated signal having a frequency deviation 
larger enough to acquire a desired FM gain, then converts the FM 
modulated signal into a freguency-divided FM modulated signal, 
and converts the signal into an optical-intensity-modulated 
signal for transmission. It is therefore possible to reduce the 
15 phase noise in the FM modulated signal to be optically transmitted 

and FM demodulated. 

According to a seventh aspect, in the first aspect, the 




transmission system further comprises/ 

G frequency-divider providedTS^;^n the FM modulator and ^ 
20 the optical transmitter for converting the FM modulated signal 
outputted from the FM modulator into a frequency-divided FM 
n^odulated signal whose frequency is 1/2" the frequency of the FM 

modulated signal, the n being an -^^^^^^^Ll^^^^'^^J!^^^ 

CZ^erein tl^ ptical T^S^^^ter includes an optical , 
25 modulator for producing the optical-intensity-modulated signal 
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thr'iugh W optical modulation using the frequency-divided FM 
modulated signal as an original signal. 

AS described above, in the seventh aspect, the optical 
transmission system previously produces in the FM modulator an 
FM modulated signal having a frequency deviation larger enough 
to acquire a desired FM gain , then converts the FM modulated signal 
into a frequency-divided FM modulated signal, and next converts 
the signal into an optical-intensity-modulated signal for 
transmission . It is therefore possible to reduce the phase noise 
in the FM modulated signal to be optically transmitted and FM 
demodulated . 

An eighth aspect of the present invention is directed to 
an transmitter for use in a transmission system for optically 
transmitting a frequency-division-multiplexed signal, which is 
obtained by frequency-division-multiplexing a plurality of 

T^U, -trails ceyy^pC 

signals ^rom a transmitting end to a receiving end ^^^^^rnprx^^ 
CT^ultiplexer for frequency-division multiplexing^the 
plurality of signals to produce the frequency-division- 
multiplexed signal/^ ♦--^^ 

Can FM modulator for converting the frequency-division- 
multiplexed signal into a frequency-modulated signal through 
frequency modulation using the frequency-division-multiplexed 
signal as an original signal to output the frequency-modulated 
signal as an FM modulated signal^; 

Cr^r^ical transmitter for co^^rting the FM modulated 



signal i^^o an optical. intensity-modulated signal whose optical 
carrier component is suppressed in the optical frequency spectrum 
through optical modulation using the FM modulated signal as an 
original signal to send the optical-intensity-modulated signal 

5 to the receiving end. 

According to a ninth aspect, in the eighth aspect, the 

optical transmitter includesy*^ 

CTTlJht source for outpu^ting an unmodulatedJJ^ght/^j::? 
"iT^i^cal modulator for ntodulatinTllT^i^dulated light 



/ 



10 with the FM modulated signal to produce the optical- 
intensity-modulated signal, the optical modulator having the 
Mach-Zehnder interferometer structure with a predetermined 
input-voltage vs. output-optical-power characteristic, and 
being biased in the input-voltage vs. output-optical-power 
15 characteristic such that the output optical power is at the 



minimum. 




20 



7i) According to a tenth aspect, in the ninth aspect, the 

transmitter further comprisesy^^ 

CTl^quency-divider provl^ between the FM modulator and 
the optical transmitter for converting the FM modulated signal 
outputted from the FM modulator into a frequency-divided FM 
modulated signal whose frequency is 1/2" the frequency of the FM 
modulated signal, the n being an integer of notJ.ess^an^, , 
C wherein the op"^ai'l^^d^^^od^^ unmodulated ^ 

25 light with the frequency-divided FM modulated signal to produce 
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thd' optjEcal-intensity-modulated signal. 

According to an eleventh aspect, in the eighth aspect, the 
optical transmitter includesy^ 

Q light source for oi^t^ut ting an unmodulated ligh^ ^^ 
r^T^ical branching cir'^t for branching the unmodulated 
light fed from the light source into first and second unmodulated 
lights ^ J 

TT^ical modulator for modulating the first unmodulated 
light with the FM modulated signal to produce the optical- 
intensity-modulated signal, the optical modulator having the 
Mach-Zehnder interferometer structure with a predetermined 
input-voltage vs. output-optical-power characteristic, and 
being biased in the input-voltage vs. output-optical-power 
characteristic such that the output optical power is at the 



maximum^ and 



"ir'S^^al combining circuit for combining the optical- 
intensity-modulated signal produced by the optical modulator and 
the second unmodulated light to cancel the optical carrier 
component of the optical-intensity-modulated signal with the 
second unmodulated light, and output the optical-intensity- 
modulated signal whose optical carrier component is suppressed. 

According to a twelfth aspect, in the eleventh aspect, the 
optical transmitter further includes an optical delay circuit, 
provided between the optical branching circuit and the optical 
5 combining circuit, for adjusting a propagation delay of at least 



one of tne first unmodulated light, the second unmodulated light, 
and the optical-intensity-modulated signal produced by the 
optical modulator such that the second unmodulated light and the 
optical carrier component, of the optical-intensity-modulated 
signal produced by the optical modulator are set in opposite 

phases to each other. 

According to a thirteenth aspect, in the eleventh aspect, 

the transmitter further comprises/^^^ 

^nT^uency-divider provided between the FM modulator and 
the optical transmitter for converting the FM modulated signal 
outputted from the FM modulator into a frequency-divided FM 
modulated signal whose frequency is 1/2" the frequency of the FM 
modulated signal, the n being a n integer of not le ss than 1 , ^ 

^^erein thi optical modulator modulates the first 
unmodulated light with the frequency-divided FM modulated signal 
to produce the optical-intensity-modulated signal. 

According to a fourteenth aspect, in the eighth aspect, the 
transmitter further comprises^^^^-^ 

crT^quency-divider provld^ between the FM modulator and 
the optical transmitter for converting the FM modulated signal 
outputted from the FM modulator into a frequency-divided FM 
modulated signal whose frequency is 1/2" the frequency of the FM 
modulated signal, the n bein g an integer of not less than j^ 

^^^ih^exn the opticaltransmitter includes an optical 
modulator for producing the optical-intensity-modulated signal 



through* optical modulation using the frequency-divided FM 
modulated signal as an original signal. 

These and other objects, features, aspects and advantages 
of the present invention will become more apparent from the 
following detailed description of the present invention when 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the configuration of an 
optical transmission system according to a first embodiment of 

the present invention; 

FIG. 2A is a schematic diagram showing the frequency 
spectrum of an FM modulated signal outputted from an FM modulator 
in the optical transmission system according to the first 
embodiment ; 

FIG. 2B is a schematic diagram showing the optical frequency 
spectrum of an optical signal outputted from an optical modulator 
in the optical transmission system according to the first 
embodiment ; 

FIG. 2C is a schematic diagram showing the frequency 
spectrum of an FM modulated signal outputted from an optical 
receiver in the optical transmission system according to the first 
embodiment ; 

FIG. 3 is a schematic diagram used to explain optical 
modulation performed by the optical modulator in the optical 



entl, the light source 103 and the optical modulator 104 constitute 
an optical. transmitter 20a, and the optical transmitter 20a, the 
multiplexer 100 , and the FM modulator 101 constitute a transmitter 
10a. in addition, the optical receiver 106 at the receiving end 
is constituted by a photodetector such as photodiode for 
converting an optical signal into an electrical signal through 
photodetection based on a square-law detection characteristic, 
and a preamplifier for amplifying the electrical signal fed from 
the photodetector. 

Next, referring to FIGS. 2A to 2C, the operation of the 
present embodiment shown in FIG. 1 is described. FIGS. 2A to 2C 
schematically illustrate the frequency spectrums of 
respective signals in the optical transmission system in FIG. 1. 
FIG. 2A shows the frequency spectrum of an output signal of the 
FM modulator 101. FIG. 2B shows the optical frequency spectrum 
of an output signal (optical signal) of the optical modulator 104 . 
FIG. 2C shows the frequency spectrum of an output signal of the 
optical receiver 106. In the optical transmission system shown 
in FIG. 1, the multiplexer 100 frequency-division multiplexes a 
plurality of signals, and outputs the resultant signal to the FM 
modulator 101. The FM modulator 101 converts the frequency- 
division-multiplexed signal into an FM modulated signal through 
frequency modulation. The FM modulated signal has a frequency 
spectrum as shown in FIG. 2A in which a carrier frequency is fc 
and a frequency deviation is AF . After that, the FM modulator 



outputs' the FM modulated signal to the electrical transmission 
line 102 . The light source 103 outputs an unmodulated light . The 
optical modulator 104 receives the unmodulated light from the 
light source 103 and the FM modulated signal through the 
electrical transmission line 102, then modulates the unmodulated 
light with the FM modulated signal, and outputs an optical signal 
whose optical carrier component is suppressed. The optical 
modulator 104 has the Mach-Zehnder interferometer structure, for 
example, and is biased at the "valley" in its input-voltage vs. 
output-optical-power characteristic, where the output optical 
power is at the minimum, as shown in FIG. 3. The FM modulated 
signal is applied to the optical modulator 104 with respect to 
the voltage of an operating point 1001 which is set by the 
above-mentioned bias. The optical modulator 104 thus produces 
an optical- intensity-modulated signal (hereinafter, referred to 
as "optical signal") having the optical frequency spectrum in 
which an optical carrier component is suppressed as shown in FIG. 
2B. The optical receiver 106 receives the optical signal through 
the optical transmission line 105, and square-law detects the 
signal to convert into an FM modulated signal having the frequency 
spectrum as shown in FIG. 2C, that is, an FM modulated signal whose 
carrier frequency is 2fc and whose frequency deviation is 2* 
AF. The optical receiver 106 then outputs the FM modulated 
signal to the FM demodulator 107. The FM demodulator 107 
demodulates the FM modulated signal to reproduce the original 



f requehcy-division-multiplexed signal . 

An FM modulation scheme can raise an FM gain by increasing 
a frequency deviation, and improve the signal-to-noise ratio 
(SNR) of a demodulated signal. On the other hand, the increase 
in frequency deviation extends the spectrum bandwidth of an FM 
modulated signal , and also requires a wider band of a transmission 
line. The group delay characteristic of the transmission line 
with such wide band affects the FM modulated signal, to cause 
linear distortion thereof in some cases. That is, as the 
bandwidth of an FM modulated signal is wider, waveform distortion 
thereof increases. In short, a frequency deviation in FM 
modulated signal transmission has a trade-off relation between 
noise characteristic and waveform distortion of an FM modulated 
signal. Hence, the wide-band FM transmission system is difficult 

to optimally design. 

The optical transmission system in FIG. 1 converts an FM 
modulated signal into an optical signal whose optical carrier is 
suppressed, and then optically transmits and square-law detects 
the optical signal, thus producing an FM modulated signal having 
a frequency deviation (or frequency bandwidth) twice as large as 
the one of the original FM modulated signal. Therefore, the 
frequency deviation of the FM modulated signal outputted from the 
FM modulator 101 is set to be half of the frequency deviation 
essentially required to acquire a predetermined FM gain in FM 
demodulation. The optical transmission system thus reduces the 



ABSTRACT OF THE DISCLOSURE 

In an optical transmission system, a multiplexer 
frequency-division-multiplexes a plurality of signals, and 
outputs the resultant signal to an FM modulator The FM 

modulator converts the frequency-division-multiplexed 

signal into an FM modulated signal through frequency modulation 
using the frequency-division-multiplexed signal as an original 
signal . A frequency-divider ^converts the FM modulated signal 
into a frequency-divided FM modulated signal whose frequency is 
1/2" (n is an integer of not less than 1) the frequency of the 
FM modulated signal . An optical modulator *e^has a predetermined 
input-voltage vs. output-optical-power characteristic, and is 
biased at the minimum point (voltage) about the output optical 
power. The optical modulator -i©^ modulates an unmodulated light 
fed from a light source ^ with the applied frequency-divided 
FM modulated signal to produce an optical signal whose optical 
carrier component is suppressed, and sends the optical signal to 
an optical transmission line An optical receiver ^ 

receives the optical signal, and square-law detects the signal 
to convert into an FM modulated signal. An FM demodulator -i^ 
demodulates the FM modulated signal to reproduce the original 
frequency-division-multiplexed signal. This configuration 
makes it possible to narrow the bandwidth of an FM modulated signal 
while increasing the frequency deviation thereof, and realize 
high-quality signal transmission as a result. 



WriAT IS CLAIMED IS: 

1. A transmission system for optically transmitting a 
frequency-division-multiplexed signal, which is obtained by 
frequency-division multiplexing a plurality of signals, [from a 
transmitting end to a receiving endj^omprising : 

fat said transmitting BudfJcorn^n^^^q .... 

C a multiplexer jf or] f requency-division ^multiplexing 
said/ plurality of signals to produce \saidJ/requency-division- 

multiplexed signa^^ ^^ ^^,U.-o c^nverf ^U. 

FM modulator^ {for converting said] frequency- 
division-multiplexed signal into a frequency-modulated signal 
through frequency modulation using Jsaid] f requency-division- 
multiplexed signal as an original signal to output^^said) 

frequency-modulated signal as aj/( FM modulated signa 3[/]jand 

— ' Q^ahiiL^o rtmverT!;^^^- 

^an optical transmitter^ yf or converting saidj FM 

modulated signal, into an optical-intensity-modulated signal 

whose optical carrier component is suppressed in [thej ^optical 

frequency spectrum through optical modulation using j^aidj ^FM 

modulated signal as an original signal to send \saidJ^optical- 

intensity-modulated signal to [said]] r^eceiving enc^^J^and 

\atjsaid receiving enc^.'^ K.ctr,^ ^r^(^ ^ 

^^"'^L of^rcii>\^^o rece/ ye^ tXc^ 

Can optical receiver^gor receiving saidj optical- 
intensity-modulated signal from said optical transmitter, and 
[converting said] optical- intensity-modulated signal into an 



electrical signal corresponding to jsaid^^FM modulated signal 
25 through photodetection based on a square-law detection 
characteristic to output [saidjelectrical signal as a received FM 

modulated signal/;] and j i / > 

a^ FM demodulatoij^[for demodulating said] received FM 
modulated signal to reproduce Isaxdj^ f requency-division- 
30 multiplexed signal. 

2. The transmission system according to claim 1, wherein 
said optical transmitter^Q.nclude^: 

a light source |^or outputting] an unmodulated light; and 
an optical modulator^^or modulating saidjunmodulated light 
5 with l[saidj^^[^ modulated signal to produce [said]^ optical- 



10 



intensity-modulated signal, said optical modulator having^lthe} 
Mach-Zehnder interferometer structure with a predetermined 
input-voltage \Vs 3 output-optical-power characteristic, and 
being biased in jsaid] ^input-voltage^^s"!} output-optical-power 
characteristic such that^^he] output optical power is at^h^ ^ 



minimum. 



3. The transmission system according to claim 2, further 

A 

comprisingjf,J*-^ 

Ca frequency-divider provided between said FM modulator and 
said optical transmitte:^ gor converting saidjFM modulated signal 
5 outputted from said FM modulator into a frequency-divided FM 
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modulated signal whose frequency is 1/2" ^hel ^frequency of^^aid\ 
FM modulated signal being an integer of not less than 1, 

wherein said optical modulator modulates |said[unmodulated 
light with, saicfl frequency-divided FM modulated signal to produce 
10 []said\ optical-intensity-modulated signal . 

4. The transmission system according to claim 1, wherein 
said optical transmitter Jinclude^: / 
a light source ^or outputtingj an unmodulated light; 
an optical branching circuitjtor branching sai^ unmodulated 
5 light fed from said light source into^f irst^and^second unmodulated 



lightg 

an optical modulator^jf or modulating said^f irst unmodulated v 

light with TsaidlFM modulated signal to produce (saidjpptical- 
^ -n/a ^ 

intensity-modulated signal, said optical modulator having^^hQ ^ 

10 Mach-Zehnder interferometer structure with a predetermined 

input-voltage Ws 3 output-optical-power characteristic, and 
^ vac St, s 

being biased in rsaicf)^ input-voltage^^sTj output-optical-power 
characteristic such that [the)^output optical power is at^^he^ / 
maximum; and , , t - ^ 

15 an optical combining circuity i^or combining said^ 

optical-intensity-modulated signal produced by said optical 
modulator and^aid] second unmodulated light to cancel [th^^optical ^ 
carrier component of [saicQ optical-intensity-modulated signal 
with Isaidl second unmodulated light and output (saidj optical- \/ 
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20 rntensity-modulated signal whose optical carrier component is 
suppressed. 

5, The transmission system according to claim 4, wherein 

said optical transmitter further t^^nclude'ii an optical delay 

r 

circuitjT^provided between said optical branching circuit and said 
optical combining circuit, yfor adjusting)a propagation delay of 
5 at least one of {said)^'' first unmodulated light ,^[saidl second 
unmodulated light, and \sai^^optical-intensity-modulated signal 
produced by said optical modulator such that ]^aid) ^second 
unmodulated light and "^aiOi^optical carrier component 
optical-intensity-modulated signal produced by said optical 
10 modulator are set in opposite phases to each other. 

6. ^ The transmission system according to claim 4, further 
compr i sing^, ^ ^^ —^ 

C a frequency-divider provided between said FM modulator and 
said optical transmitter jf or converting said/FM modulated signal 

5 outputted from said FM modulator into a frequency-divided FM 

of a. 

modulated signal whose frequency is l/a^Jth^^f requency of^lsai^ 

modulated signal , Tsaid? n being an integer of'not less than 1, 

r -^^^ 

wherein said optical modulator modulates y^aidj^first 



FM 



10 



unmodulated light with[sai^ frequency-divided FM modulated signal 
to produce (sai^ ^tical-intensity-modulated signal. 
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* 7. The transmission system according to claim 1, further 

A 

comprisin^^J^^ ^ 

C a frequency-divider provided between said FM modulator and 
said optical transmitter,^or converting said]FM modulated signal 
5 outputted from said FM modulator into a frequency-divided FM 

modulated signal whose frequency is 1/2" ^hejTrequency of^aiS^ V 
FM modulated signal, )said| n being an integer of not less than 1, 
wherein said optical transmitter [includes] an optical 
modulator^or producing said] optical-intensity-modulated signal 
10 through£sai^optical modulation using Jsai^^frequency-divided FM 
modulated signal as an original signal. 



8. A transmitter for use in a transmission system for 
optically transmitting a frequency-division-multiplexed signal, 
which is obtained by frequency-division-multiplexing a plurality 
of signals, ^rom a transmitting end to a receiving end 7] 
5 comprising: , / i j 

a multiplexer ^or] frequency-division Multiplexing said} 
plurality of signals to produce^ ^saicTj frequency-division- 
multiplexed signal; 

an FM modulator^jfor converting said) f requency-division- 
10 multiplexed signal into a frequency-modulated signal through 
frequency modulation using ^aid^frequency-division-multiplexed 
signal as an original signal to output ^said^frequency-modulated 
signal as an FM modulated signal; and 
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,^an optical transmitter (Tor converting saic^ FM modulated 
signal into an optical-intensity-modulated signal whose optical 
carrier component is suppressed in^h^^tical frequency spectrum 
through optical modulation usinglsaidj^F^l modulated signal as an 
original signal to send7sai^optical-intensity-modulated signal 
to^(Said^ receiving end. 



9. The transmitter according to claim 8, wherein said 

optical transmitter^^ncludes^: 

a light source (If or outputtin^ an unmodulated light; and 

an optical modulator^^or modulating said)unmodulated light 

with i^aicQj^ FM modulated signal to produce^ IMP-^^ optical- " 

intensity-modulated signal, said optical modulator having jthe]) 

Mach-Zehnder interferometer structure with a predetermined 

input-voltage Jys 73 output-optical-power characteristic, and 

^ 4sL. versus 

being biased in ^aidj^ input-voltage JysT] output-optical-power 

r -»^'^ r- ^ 

characteristic such that [thej^output optical power is ^"t^^thej 
minimum . 



10. The transmitter according to claim 9, further 
c omp r i s i n 

a frequency-divider provided between said FM modulator and 
said optical transmitter^^or converting said)FM modulated signal 
outputted from said FM modulator into a frequency-divided FM 
modulated signal whose frequency is 1/2" jthej frequency of^isaidj 



FM moGiulated signal, ^ai^n being an integer of not less than 1, 
wherein said optical modulator modulates ]said)unmodulated 
light with^sai^ frequency-divided FM modulated signal to produce 



l^aid^^ppTtical- intensity-modulated signal 



11. The transmitter according to claim 8, wherein said 
optical transmitter^ [include^: 

a light source^ \]£pr outputtingj an unmodulated light; 

an optical branching circuitjtbr branching saidj unmodulated 
light fed from said light source into first and^second unmodulated 
Ixghtsj; 

an optical modulator^or modulating said) first unmodulated 

light with Isaid}^FM modulated signal to produce Jsaid^^optical- 

c^ 

intensity-modulated signal, said optical modulator having^[the) 
Mach-Zehnder interferometer structure with a predetermined 
input-voltage ^sTj output-optical-power characteristic, and 
being biased in TgaidJ^ input-voltage^ |vs7) output-optical-power 
characteristic such that \th^^output optical power is at^^he^ 
maximum; and . , 

an optical combining circuity ^f^^ combining said) 
optical-intensity-modulated signal produced by said optical 
modulator and^saidj^econd unmodulated light to cancel jthe) optical 
carrier component of isaidj^optical-intensity-modulated signal 

- -^^ ^ r -) 

with ^aidj second unmodulated light, and output^^^aidj optical- 
intensity-modulated signal whose optical carrier component is 



suppressed. 



12. The transmitter according to claim 11, wherein said 

optical transmitter f urther^iincludei?^ an optical delay circui-^,J 

provided between said optical branching circuit and said optical 

^^/V ^fiic^Uila^ circuit lef^e^ o^ftahU -fp adju^T ^ 
combining circuit, £or adjusting] a propagation delay of at least 

5 one of feaidif irst unmodulated light , '^aidlysecond unmodulated light, 

and JsaidJ optical-intensity-modulated signal produced by said 

optical modulator such that\said^econd unmodulated light and^aid} 

optical carrier component of ^aid| optical-intensity-modulated 

signal produced by said optical modulator are set in opposite 

10 phases to each other. 

13. The transmitter according to claim 11, further ' 
comprisi ng^,^ ^ 

t a frequency-divider provided between said FM modulator and 
said optical transmitter^^or converting saidjFM modulated signal v 
5 outputted from said FM modulator into a frequency-divided FM 
modulated signal whose frequency is 1/2" )the^ ^frequency of^^aidj 



/ 



FM modulated signal ,/sai^n being an integer of not less than 1, 

wherein said optical modulator modulates [saidj j^f irst ^ 
unmodulated light withjsaidjf requency-divided FM modulated signal \/ 
10 to produce ) said i optical-intensity-modulated signal. 



14. The transmitter according to claim 8, further 
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c omp ri s i n^^-*2p 

frequency-divider provided between said FM modulator and 
said optical transmitter ^or converting said^FM modulated signal 
5 outputted from said FM modulator into a frequency-divided FM 

modulated signal whose frequency is 1/2" j^he^^f requency of^[saidJ ^/ 
FM modulated signal, jsai^n being an integer of not less than 1, 
wherein said optical transmitter includes an optical 
modulator jf or producing sai^optical-intensity-modulated signal 
10 through^ai^^c^tical modulation using(sai^^f requency-divided FM 
modulated signal as an original signal. 
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FIG. 2 A 
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FIG. 2 C 
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FIG. 5 C 
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FIG. 6 A 
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FIG. 6 B 
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FIG. 6 C 
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FIG. 1 OA 
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FIG. 1 0 B 
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